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Description
Background

[0001] The present invention relates to a motor vehi-
cle alternator, and more particularly, to a motor vehicle
alternator that prevents hunting of the rotational speed
of the engine during idle state.

[0002] A decrease in rotational speed (hereinafter re-
ferred to as an idle rotational speed) of a motor vehicle
alternator during vehicle idle will cause torque generat-
ed by the engine to be reduced. For this reason, the al-
ternator drive torque (hereinafter also referred to as load
torque) viewed from the engine will in turn increase due
to the connection of an electrical load. For example, a
large amount of starting current of a compressor drive
motor is used for air conditioning within the vehicle. This
will result in a hunting phenomenon in which the idle ro-
tational speed becomes unstable and fluctuates.
[0003] Hunting of the rotational speed of the engine
can cause the battery voltage to fluctuate more signifi-
cantly, leading to various abnormal conditions and pre-
senting a difficulty in maintaining idle operation or the
like.

[0004] To prevent hunting of motor vehicle alternators
of this type, various techniques have been convention-
ally suggested which allow adjustment of the control
voltage according to a change in rotational speed.
[0005] Japanese Unexamined Patent Publication No.
7111, published 1979, suggested that the control volt-
age of an alternator should be reduced according to the
rate of change in speed (a differential value) during de-
celeration of the engine (for negative differential values
of rotational speed of the engine). On the other hand,
during engine acceleration (for positive differential val-
ues of rotational speed of the engine), the voltage
should be increased according to the rate of change in
speed (a differential value).

[0006] Japanese Unexamined Patent Publication No.
87636, published 1985, applied for by the present in-
ventor suggested that the amount of generated electric-
ity should be kept below a predetermined value for a
certain time during which the idle rotational speed re-
covered from the point of an increase in electrical load.
[0007] Japanese Patent Publication No. 55040 of
1994 applied for by the present inventor suggested that
the control voltage should be increased in proportion to
the degree of acceleration while increasing the rotation-
al speed of the engine (under acceleration), while being
delayed for a predetermined time relative to an increase
in rotational speed of the engine.

[0008] Japanese Unexamined Patent Publication No.
327199, published 1997, suggested that a target volt-
age should be set to a certain low value less than a
steady state target voltage during engine acceleration.
On the other hand, during deceleration of the engine,
the target voltage should be set to a certain high value
higher than the steady state target voltage.
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[0009] However, the following problems have been
found to occur even with the aforementioned various pri-
or-art techniques. First, these anti-hunting techniques
change the control voltage of a regulator according to a
change in rotational speed of the engine. Thus, the
change of the rotational speed of the engine is associ-
ated with the change of the control voltage irrespective
of the condition of the electric circuitry comprising the
battery, electrical loads, and the alternator. For this rea-
son, the condition of the electric circuitry was not taken
into account and therefore the techniques were without
validity in some cases. For example, it was not easy to
take corrective action appropriately when the battery
voltage recovered earlier than expected during acceler-
ation or when the voltage recovered slower than expect-
ed due to a deep discharge regardless of substantial
completion of acceleration. Furthermore, it was neces-
sary to add signals such as a battery voltage to control
parameters in addition to the aforementioned rotational
speed of the engine, thus making the circuit processing
complicated.

[0010] Furthermore, the aforementioned various con-
ventional techniques provided a sudden variation in out-
put or in drive torque (load torque) of the alternator dur-
ing transitions of the rotational speed of the engine. The
transitions include a transition from a steady state mode
to a deceleration mode, a transition from the decelera-
tion mode to an acceleration mode, and a transition near
the point of completion of the acceleration mode. Such
a sudden change in output of the alternator would cause
a sudden change in torque and thereby a shock. The
change would also readily cause heavy current charging
to or heavy current discharging from batteries upon gen-
eration of high output, leading to a drop in charging ef-
ficiency or an increase in loss of power distribution.
[0011] In a first aspect of the invention, the controller
sets the control voltage to an acceleration control volt-
age higher than the battery voltage by a predetermined
voltage difference AV1, within arange of voltages higher
than the battery voltage and less than the steady state
control voltage, during a acceleration during low speeds
with the rotational speed being equal to or less than a
predetermined value and a rate of increase in the rota-
tional speed being equal to or greater than a predeter-
mined value. This control can be called a mode for sup-
pressing the rates of increase in battery voltage or a
charge suppression mode. Control of this type may be
executed prior to control which employs the steady state
control voltage as a control voltage, thereby preferably
realizing control.

[0012] That is, according to this control, the control
voltage is set higher than the battery voltage by a pre-
determined voltage difference AV1 in the recovery proc-
ess of the rotational speed of the engine. In this process,
the rotational speed of the engine and the battery volt-
age are decreased due to the connection of electrical
loads, and the rotational speed of the engine is in-
creased due to an increase in fuel injection provided
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subsequently by the engine control system. Also, the
predetermined voltage difference AV1 ranges from 0.1V
to 0.15V, and may be kept at a constant value during
acceleration during low speeds. Alternatively, for exam-
ple, the difference may be increased from the earlier
stage to the later stage of acceleration during low
speeds.

[0013] In another aspect, the control voltage is further
set to a deceleration control voltage lower than the bat-
tery voltage by a predetermined voltage difference AV2.
This is carried out after the rotational speed of the en-
gine has decreased below a first predetermined ro-
tational speed value N1 within a period of deceleration
during low speeds immediately preceding the afore-
mentioned acceleration during low speeds. The control
of this type can be referred to as a battery voltage drop
adjustment mode or a discharge suppression mode
which means not more than the suppression of dis-
charge of the battery. Moreover, the control is desirably
executed prior to the control which employs the steady
state control voltage as a control voltage.

[0014] The predetermined voltage difference AV2
ranges from 0.01V to 0.1V, and may be kept at a con-
stant value during deceleration during low speeds. Al-
ternatively, for example, the difference may be in-
creased being operatively associated with a decrease
in rotational speed of the engine or a decrease in battery
voltage.

[0015] That is, this arrangement employs a gradual
drop in control voltage during deceleration. This is car-
ried out at the later stage of during deceleration during
low speeds in which a smaller amount of the alternator
output and torque produced by the engine is provided.
The control voltage is thereby maintained to prevent the
battery from being discharged while the rotational speed
of the engine has decreased slightly and allowable pow-
er generation capacity is available at the earlier stage
of during deceleration during low speeds. When the ro-
tational speed of the engine decreases more than this,
the control voltage is decreased, being operatively as-
sociated with a drop in battery voltage which requests
that the battery discharges. Also, this arrangement does
not allow the control voltage to be reduced all at once
even after the rotational speed of the engine has been
decreased below the first predetermined rotational
speed value N1. For this reason, the drive torque (load
torque) of the alternator will not be suddenly changed.
[0016] In another aspect of the invention, the prede-
termined voltage difference AV1, between a voltage giv-
en at a minimum rotational speed value Nmin, at which
during deceleration during low speeds is shifted to ac-
celeration during low speeds, and a voltage at the sub-
sequent rotational speed of the engine being equal to
or greater than a second predetermined rotational
speed value N2, is set to a voltage less than the prede-
termined voltage difference AV1 during the subsequent
acceleration during low speeds. Accordingly, power
generation and charging of the battery are prevented to
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increase the rotational speed of the engine during the
earlier stage in the recovery process of the rotational
speed of the engine where the outputs of the engine
torque and the alternator are not sufficient. At the same
time, a sudden increase in drive torque (load torque) of
the alternator viewed from the engine is prevented when
during deceleration during low speeds is shifted to ac-
celeration during low speeds. Furthermore, a sudden in-
crease in battery charging current is prevented. This
makes it possible to realize a smooth increase in engine
load torque.

[0017] In another aspect, the controller further allows
the predetermined voltage difference AV1 to increase at
a later stage rather than at an earlier stage of acceler-
ation during low speeds. In another aspect, the control
voltage is set to a deceleration control voltage less than
the battery voltage by the predetermined voltage differ-
ence AV2. This is carried out during a period of decel-
eration during low speeds with the rotational speed, im-
mediately before the rotational speed of the engine is
increased, being equal to or less than a predetermined
value and the rate of decrease in rotational speed being
equal to or greater than a predetermined value.

[0018] This makes it very possible to prevent a sud-
den increase in drive torque (load torque) of the alter-
nator viewed from the engine, and the predetermined
voltage difference AV2 increases at a later stage rather
than at an earlier stage of during deceleration during low
speeds. Thus, the battery is prevented from being dis-
charged by generating a relatively large amount of pow-
er by the alternator. This is done at the earlier stage of
acceleration during low speeds with a decrease in rota-
tional speed of the engine being still small. That is, this
is done when the engine torque and the output of the
alternator are still sufficient. On the other hand, consider
the later stage of acceleration during low speeds where
a smaller decrease occurs in rotational speed of the en-
gine, that is, this happens when the engine torque and
the output of the alternator have become insufficient. In
this stage, power generation by the alternator is pre-
vented to compensate for shortage in power by dis-
charging the battery, thereby preventing a sudden de-
crease of the rotational speed of the engine.

[0019] Also, said increasing of the predetermined
voltage difference AV2 is continuously operatively asso-
ciated with a decrease in rotational speed of the engine,
thereby making it possible to smooth still more the
change in drive torque (load torque) of the alternator
viewed from the engine.

[0020] In another aspect of the invention, the control-
ler for allowing the battery voltage to approach a control
voltage includes a first setting means for setting the con-
trol voltage to a predetermined steady state control volt-
age, and second setting means for setting the control
voltage to an acceleration control voltage higher than
the battery voltage by a predetermined voltage differ-
ence AV1. This voltage is within a range of voltages
higher than the battery voltage and less than the steady
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state control voltage, during acceleration during low
speeds with the rotational speed of the engine being
equal to or less than a predetermined value and a rate
of increase in the rotational speed being equal to or
greater than a predetermined value.

[0021] Insuch an arrangement, when the second set-
ting means employs the acceleration control voltage as
the control voltage, more suppressed power generation
is carried out than when the control voltage is at the
steady state control voltage. Consequently, while the
battery is being charged, it becomes possible to make
the load provided by the alternator to the engine lower
than the load provided under the steady state control
voltage.

[0022] To achieve the aforementioned object, the fol-
lowing method can be employed in a method for con-
trolling a motor vehicle alternator wherein a rotational
speed of an engine and a battery voltage are input, and
field current is controlled so as to allow the battery volt-
age to approach a control voltage. That is, the control
voltage is set to an acceleration control voltage higher
than the battery voltage by a predetermined voltage dif-
ference AV1, within a range of voltages higher than the
battery voltage and less than the steady state control
voltage, during a acceleration during low speeds with
the rotational speed of the engine being equal to or less
than a predetermined value and a rate of increase in the
rotational speed being equal to or greater than a prede-
termined value.

[0023] In another aspect of the invention, the resist-
ance potential divider circuit for outputting a plurality of
voltages is used to form an acceleration control voltage
and a deceleration control voltage. The voltages are
then selected by a plurality of switches (an analog mul-
tiplexer may also be employed).

[0024] In another aspect, the switch control circuit de-
termines which one of the switches is to be .selected,
according to the rotational speed of the engine sensed
according to a voltage of one phase output from an out-
put terminal of the armature coil.

[0025] Inanotheraspectof the invention', a delay time
in response to control during acceleration during low
speeds is made greater than a delay time in response
to control during deceleration during low speeds. This
prevents a sudden decrease in output current of the al-
ternator during acceleration, or a sudden drop in alter-
nator torque. This makes it possible to avoid sudden
charging of the battery during acceleration and provides
further improved stability in the rotational speed of the
engine.

[0026] In another aspect, the control means has a de-
lay circuit for determining a delay time in response to
control during acceleration during low speeds. Moreo-
ver, the delay circuit is turned off during deceleration
during low speeds.

[0027] In another aspect of the invention, the control-
ler sets the control voltage to an acceleration control
voltage that is higher than the battery voltage by a pre-
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determined voltage difference AV1, within a range of
voltages higher than the battery voltage and less than
the steady state control voltage, during a acceleration
during low speeds with the rotational speed being equal
to or less than a predetermined value and a rate of in-
crease in the rotational speed being equal to or greater
than a predetermined value. This control can be called
a mode for susppressing rates of increase in battery
voltage or a charge supression mode. Control of this
type may be executed prior to control which employs the
steady state control voltage as a control voltage, thereby
preferably realizing control.

[0028] That is, according to this control, the control
voltage is set higher than the battery voltage by a pre-
determined voltage difference AV1 in the recovery proc-
ess of the rotational speed of the engine. In this process,
the rotational speed of the engine and the battery volt-
age are decreased due to the connection of electrical
loads, and the rotational speed of the engine is in-
creased due to an increase in fuel injection provided
subsequently by the engine control system- Also, the
predetermined voltage difference AV1 ranges from 0.1v
to 0.15V, and may be kept at a constant value during
acceleration during low speeds. Alternatively, for exam-
ple, the difference may be increased from the earlier
stage to the later stage of acceleration during low
speeds.

[0029] In another aspect, the control voltage is further
set to a deceleration control voltage lower than the bat-
tery voltage by a predetermined voltage difference AV2.
This is carried out after the rotational speed of the en-
gine has decreased below a first predetermined rota-
tional speed value N1 within a period of deceleration
during low speeds immediately preceding the afore-
mentioned acceleration during low speeds. The control
of this type can be referred to as a battery voltage drop
adjustment mode or a discharge supression mode
which means not more than the suppression of dis-
charge of the battery. Moreover, the control is desirably
executed prior to the control which employs the steady
state control voltage as a control voltage.

[0030] The predetermined voltage difference AV2
ranges from 0.1V to 0.15V, and may be kept at a con-
stant value during deceleration during low speeds. Al-
ternatively, for example, the difference may be in-
creased being operatively associated with a decrease
in rotational speed of the engine or a drop in battery volt-
age.

[0031] That is, this arrangement employs a gradual
decrease in control voltage at the time of deceleration
like the acceleration control voltage in the aforemen-
tioned claim 1. This is carried out at the later stage of
said period of deceleration during low speeds in which
a smaller amount of the alternator output and the torque
produced by the engine is provided. The control voltage
is thereby maintained to prevent the battery from being
discharged while the rotational speed of the engine has
decreased slightly and allowable power generation ca-
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pacity is available at the earlier stage of during deceler-
ation during low speeds. when the rotational speed of
the engine decreases more than this, the control voltage
is decreased, being operatively associated with a drop
in battery voltage which requests that the battery dis-
charges. Also, this arrangement does not allow the con-
trol voltage to be reduced at once even after the rota-
tional speed of the engine has been decreased below
the first predetermined rotational speed value N1. For
this reason, the drive torque (load torque) of the alter-
nator will not be suddenly changed.

[0032] In another aspect of the invention, the prede-
termined voltage difference AV1, between a voltage giv-
en at a minimum rotational speed value Nmin, at which
during deceleration during low speeds is shifted to ac-
celeration during low speeds, and a voltage at the sub-
sequent rotational speed of the engine being equal to
or greater than a second predetermined rotational
speed value N2, is set to a voltage less than the prede-
termined voltage difference AV1 during the subsequent
acceleration during low speeds. Accordingly, power
generation and charging of the battery are prevented to
increase the rotational speed of the engine at the earlier
stage in the recovery process of the rotational speed of
the engine where the outputs of the engine torque and
the alternator are not sufficient. At the same time, a sud-
den increase in drive torque (load torque) of the alter-
nator viewed from the engine is prevented when during
deceleration during low speeds is shifted to acceleration
during low speeds. Furthermore, a sudden increase in
battery charging currentis prevented. This makes it pos-
sible to realize a smooth increase in engine load torque.
[0033] In another aspect, the control voltage is set to
a deceleration control voltage less than the battery volt-
age by the predetermined voltage difference AV2. This
is carried out during a period of deceleration during low
speeds with the rotational speed, immediately before
the rotational speed of the engine is increased, being
equal to or less than a predetermined value and the rate
of decrease in rotational speed being equal to or greater
than a predetermined value.

[0034] This prevents sudden increase in drive torque
(load torque) of the alternator viewed from the engine,
and the predetermined voltage difference AV2 increas-
es at a later stage rather than at an earlier stage of dur-
ing deceleration during low speeds. Thus, the battery is
prevented from being discharged by generating a rela-
tively large amount of power by the alternator. This is
done at the earlier stage of acceleration during low
speeds with a drop in rotational speed of the engine be-
ing still small. That s, it is done when the engine torque
and the output of the alternator are still sufficient. on the
other hand, consider the later stage of acceleration dur-
ing low speeds where a smaller drop occurs in rotational
speed of the engine, that is, when the engine torque and
the output of the alternator have become insufficient. In
this stage, power generation by the alternator is relative-
ly strongly prevented to compensate for shortage in
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power by discharging the battery, thereby preventing a
sudden drop of the rotational speed of the engine.
[0035] Here, the controller for allowing the battery
voltage to approach a control voltage can be comprised
of first setting means for setting the control voltage to a
predetermined steady state control voltage, and second
setting means for setting the control voltage to an ac-
celeration control voltage higher than the battery volt-
age by a predetermined voltage difference AV1, within
a range of voltages higher than the battery voltage and
less than the steady state control voltage, during a ac-
celeration during low speeds with the rotational speed
of the engine being equal to or less than a predeter-
mined value and a rate of increase in the rotational
speed being equal to or greater than a predetermined
value.

[0036] To achieve the aforementioned object, the fol-
lowing method can be employed in a method for con-
trolling a motor vehicle alternator wherein a rotational
speed of an engine and a battery voltage are input, and
field current is controlled so as to allow the battery volt-
age to approach a control voltage. That is, the control
voltage is set to an acceleration control voltage higher
than the battery voltage by a predetermined voltage dif-
ference AV1, within a range of voltages higher than the
battery voltage and less than the steady state control
voltage, during a acceleration during low speeds with
the rotational speed of the engine being equal to or less
than a predetermined value and a rate of increase in the
rotational speed being equal to or greater than a prede-
termined value.

[0037] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating preferred embodiments of the invention, are in-
tended for purposes of illustration only, since various
changes and modifications within the spirit and scope
of the invention will become apparent to those skilled in
the art from this detailed description. In the drawings:

Fig. 1 is a circuit block diagram of a motor vehicle
alternator according to a first embodiment of the
present invention;

Fig. 2 is a graphical representation of the relation-
ship between the rotational speed of the engine dur-
ing low vehicle alternator speeds according to the
drive torque (load torque) according to the present
invention;

Fig. 3 is a timing chart illustrating the relationship
according to time between the rotational speed of
the engine during low vehicle alternator speeds and
the alternator drive torque (load torque) according
to the present invention;

Fig. 4 is a circuit diagram illustrating a controller for
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use in the motor vehicle alternator according to the
present invention;

Fig. 5 is a flow chart illustrating the control of the
motor vehicle alternator according to the presentin-
vention;

Fig. 6is aflow chartillustrating the control of a motor
vehicle alternator according to the present inven-
tion;

Fig. 7 is aflow chart illustrating the control of a motor
vehicle alternator according to the present inven-
tion;

Fig. 8 is a flow chart illustrating a modified example
of controlling a motor vehicle alternator according
to the present invention;

Fig. 9 is a flow chart illustrating motor control of a
motor vehicle alternator according to the presentin-
vention;

Fig. 10 is a flow chart illustrating an example of con-
trolling a motor vehicle alternator according to em-
bodiment 5;

Fig. 11 is a circuit diagram illustrating an example
of the controller of a motor vehicle alternator ac-
cording to. embodiment 6;

Fig. 12 is a circuit diagram illustrating a delay circuit
according to the present invention;

Fig. 13 is a circuit diagram illustrating an example
of an analog multiplexer circuit according to the
present invention;

Fig. 14 is a circuit diagram illustrating an example
of a circuit for forming a selection signal S according
to the present invention;

Fig. 15 is a circuit diagram illustrating a modification
of the present invention;

Fig. 16 is a timing chart during deceleration illustrat-
ing the voltage of each portion of a circuit according
to the present invention;

Fig. 17 is a timing chart during acceleration illustrat-
ing the voltage of each portion of the circuit shown
in Fig. 15;

Fig. 18 is a graphical representation of the relation-
ship between the rotational speed of the engine dur-
ing low speeds of a prior-art motor vehicle alternator
and the alternator drive torque (load torque) viewed
from the engine;
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Fig. 19 is a timing chart illustrating the relationship
in terms of the time between the rotational speed of
the engine during low speeds of the prior-art motor
vehicle alternator and the alternator drive torque
(load torque) viewed from the engine.

[0038] In the embodiments described below, the al-
ternator is adapted to increase the exciting current to
raise generator output since the control voltage is a little
higher than the battery voltage during acceleration.
However, a difference AV1 between the battery voltage
and the control voltage is small and it takes a predeter-
mined time AT1 for the battery voltage to return to the
control voltage. For this reason, the battery voltage in-
creases at the rate of increase specified by the prede-
termined voltage difference AV1, the predetermined de-
lay timeAT1, an increase in alternator output due to an
increase in rotational speed of the engine, the perform-
ance of the battery, and the magnitude of electrical
loads. The aforementioned delay timeAT1 includes, for
example, a delay in response caused by a feedback
control system.

[0039] Accordingly, a gradual increase in alternator
output leads to a gradual increase in battery voltage and
in drive torque (load torque) of the alternator viewed
from the engine. During the acceleration, that is, during
natural recovery of the rotational speed of engine (ac-
celeration during low speeds), no sudden increase will
occur in the load torque of the engine. Consequently,
after the rotational speed of the engine has recovered
to a steady state rotational speed (for example, an idle
rotational speed), overshoots of the rotational speed of
the engine caused such as by a delay in response of the
engine control system will not increase.

[0040] After all, the drive torque (load torque) of the
alternator viewed from the engine and the overshoot of
the rotational speed of the engine can be well prevented.
[0041] Shortage in battery charging current (alterna-
tor output) is caused by the lack in the alternator output
at the final stage of during the aforementioned tempo-
rary deceleration that resulted from the connection of
electrical loads. The shortage is generally re-charged in
the process where the battery voltage recovers from the
minimum value thereof at the start of the acceleration
during low speeds to the specified steady state target
value. However, in the arrangement described above,
the alternator output at each point in during the acceler-
ation during low speeds does not increase according to
the amount of recovery of the rotational speed of the
engine. The alternator output increases according to a
smooth increase in control voltage operatively associ-
ated with the amount of recovery of the battery voltage.
That is, the recovery of the battery voltage. Since the
battery is accordingly re-charged, the alternator output
can gradually recover from a significant drop thereof ac-
cording to not only the possible alternator output de-
pendent of the rotational speed of the engine, but also
the magnitude of the electrical loads, or the degree of
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battery discharge. On the other hand, the alternator out-
put can quickly recover from a slight drop thereof. In ei-
ther case, a sudden re-charge of the battery can be
avoided. In addition, a sudden increase in drive torque
of the alternator (load torque) viewed from the engine,
accompanied by a sudden re-charge of the battery (that
is, a sudden increase in battery voltage) which would
last until the battery is completely re-charged can be
avoided. Thus, an increase in the drive torque (load
torque) of the alternator viewed from the engine can be
realized.

[0042] The aforementioned hunting phenomenon will
be explained below in more detail.

[0043] Connection of an electrical load at rotational
speeds during idle operation can cause an increase in
load torque of the engine, thereby reducing the rotation-
al speed of the engine below the rotational speed for
idle operation. Thereafter, the rotational speed of the en-
gine will be increased by constant rotational speed con-
trol for idle operation by means of an engine controller.
Then, the rotational speed of the engine will exceed the
rotational speed for idle operation. The engine controller
will sense the excess of the rotational speed of the en-
gine to thereby reduce the rotational speed of the en-
gine. Thus, the rotational speed of the engine will re-
peatedly fluctuate as such, ultimately converging grad-
ually at the rotational speed for idle operation.

[0044] The relationship between a change in the
aforementioned rotational speed of the engine and a
change in drive torque (hereinafter also simply referred
to as load torque) of the motor vehicle alternator (here-
inafter referred to as the alternator) will be explained
with reference to Fig.18.

[0045] A characteristic line (shown by a dashed line)
connecting between coordinates A1 - C1 represents the
relationship between the rotational speed of the engine
and the load torque with the alternator output W being
equal to a predetermined certain value W1. A charac-
teristic line (shown by a solid line) connecting between
coordinates A2 - C2 represents the relationship be-
tween the rotational speed of the engine and the load
torque with the alternator output W being equal to a cer-
tain value W2 greater than W1. The coordinates C1 and
C2 represent the load torque values with the minimum
rotational speed possible to output the alternator out-
puts W1 and W2.

[0046] When the alternator runs at speeds lower than
C1 or C2 with the alternator output W being equal to W1
or W2, the output W of the alternator can not supply suf-
ficient power to electrical loads, thus the battery will be
discharged to compensate for the shortage.

[0047] For example, suppose that the working point
is stable at coordinate A1 in the region of rotational
speeds for idle operation with permanent loads (i.e.,
minimum electrical loads required for running the vehi-
cle such as for initiating ignition, driving fuel injection
valves, and driving the control computer).

[0048] Now, connection of an additional electrical load
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to the alternator would cause the alternator to increase
the exciting current in order to increase the output. The
drive torque of the alternator is thereby increased and
thus the working point shifts from point A1 to A2. At this
time, the engine is injecting just enough fuel to remain
stable at A1, so that the rotational speed of the engine
is reduced and the working point is shifted to point B on
the characteristic line Y.

[0049] In addition, a drop in rotational speed of the
engine would cause an increase in drive torque of the
alternator (load torque), thereby further reducing the
working point beyond the point B.

[0050] At this time, the engine control system senses
the drop in rotational speed and increases the amount
of fuel injection to maintain the working point at point
A2. However, a certain control delay time occurs until
the rotational speed of the engine is recovered to point
A2, thereby causing the working point to drop to point D
and the battery to be discharged.

[0051] Control of the engine will, in a while, start in-
creasing the rotational speed. However, the alternator
will charge the battery to compensate for the previous
discharge of the battery. At this time, the alternator out-
puts charge current for charging the battery in addition
to the current required by the electrical loads. Conse-
quently, this will cause the drive torque (load torque)
viewed from the engine to increase and the working
point to reach coordinate F through point E.

[0052] After the battery has been completely charged,
the output current of the alternator will decrease to the
value required by the electrical loads, thus reducing the
load torque and allowing the working point to reach co-
ordinate G.

[0053] At this time, to increase the rotational speed
once reduced to point D, the engine will increase fuel
supply. However, beyond point F, the load torque of the
engine will decrease at once, thereby lowering the work-
ing point to point G. At this time, the control system will
sense the increase in rotational speed and reduce the
fuel injection to maintain the working point at point A2.
However, the rotational speed of the engine will repeat-
edly fluctuate within the range from N1 to N2 due to the
aforementioned variation in drive torque (load torque) of
the alternator or the aforementioned control delay. This
phenomenon is illustrated in terms of time in Fig.19. It
can be seen in the figure that a sudden change in torque
has occurred which is different from the cycle of a vari-
ation in rotational speed. The battery discharge can be
controlled when the alternator output has increased to
improve hunting problem. However, this is not so easily
employed from the viewpoint of mounting space, cost,
and noise.

[0054] This problem can be solved by means of the
present invention in which the control voltage is formed
according to the battery voltage and the condition of the
electrical circuitry is taken into account.

[0055] That is, the alternator can be prevented from
generating an unreasonably excessive amount of elec-
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tricity during the initial acceleration (e.g., from point D
to F in Fig.18) during low speeds. Thus, the battery is
prevented from charging sooner than as provided in the
conventional art (e.g., at point F), causing the load of
the engine to be reduced to allow the rotational speed
of the engine to increase to N2. In other words, over-
shoots in the rotational speed of the engine exceeding
the rotational speed for idle operation can be prevented,
thereby reducing the maximum amplitude N2 of the fluc-
tuation of rotational speed of the engine.

[0056] Furthermore, even during acceleration during
low speeds, control will be shifted to normal control after
the battery voltage has reached the steady state control
voltage, thus preventing an abnormal increase in battery
voltage. The normal control in the foregoing control
means for allowing the battery voltage to converge to
the steady state control voltage with the control voltage
being employed as the steady state control voltage.
[0057] The controller is comprised of a circuit into
which operational amplifiers or the like are incorporated
or of a microcomputer and programs. The input means
can be comprised of a sensor for sensing the rotational
speed of the engine and the signal processing circuit
therefor. Alternatively, the input means can have addi-
tional input processing steps that are implemented by
programs. Control means can be a feedback control
system which provides output according to a difference
between the control voltage and the battery voltage. In-
put or the field current of a field coil for controlling the
output of a motor vehicle alternator can be realized, for
example, with switching devices for interrupting the
power supplied from the power source to the field coil.
A control signal to the switching devices can be em-
ployed as an output signal of the control means. The
switching devices include for example power transis-
tors. Furthermore, a base or gate signal that serves as
a control signal can be replaced with a pulse signal
which is PWM modified according to a difference be-
tween the control voltage and the battery voltage. In ad-
dition, first setting means and second setting means can
be realized, for example, with resistance potential divid-
er circuit for setting the input voltage of the operational
amplifiers. Alternatively, the first and second means can
be realized with data stored in storage means of a mi-
crocomputer and processing steps for substituting the
data into variable parameters in the operational
processing. Here, the steady state control voltage can
be employed as a constant value or a value to be
changed according to the running condition of the en-
gine or the vehicle. Furthermore, the acceleration con-
trol voltage at a certain time can be set, for example,
either without a delay or with a predetermined delay ac-
cording to the battery voltage at the same point of time.
Also, the acceleration control voltage preferably perfect-
ly follows the battery voltage over the entire period of
the acceleration during low speeds. For example, the
acceleration control voltage is gradually increased when
the battery voltage is gradually increased, whereas the
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acceleration control voltage is not increased when the
battery voltage is not increased due to heavy electrical
loads. Also, it is also conceivable to employ a configu-
ration or method that allows the acceleration control
voltage to be set by estimating a change in battery volt-
age during acceleration during low speeds. For exam-
ple, such an arrangement or method can allow the ac-
celeration control voltage to be set as a ramp voltage
that increases according to a certain function from the
initial point in acceleration during low speeds.

[0058] The block diagram of a motor vehicle alternator
used in embodiment 1 of the present invention is ex-
plained below with reference to Fig.1. An alternator 2 is
supplied with power from an engine 1 via a belt 3. An
output terminal 20 of the alternator 2 supplies power to
a battery 5 and a vehicle electrical load 6. Accordingly,
the maximum alternator output (the maximum alternator
current) determined by the rotational speed of the alter-
nator 2 (proportional to the rotational speed of the en-
gine) depends on the rotational speed of the engine.
Consider some running conditions and particularly a
case where the rotational speed of the engine is as low
as the rotational speed for idle operation. In these cases,
the alternator 2 would be lacking in power supplied to
the vehicle electrical load 6, thereby causing the battery
5 to supply power to the vehicle electrical load 6.
[0059] The alternator 2 is provided with a controller 4
for PWM controlling of the battery voltage to a control
voltage to control the exciting current and thereby adjust
the alternator output to the battery 5 at a proper level.
[0060] The controller 4 comprises means 41 for sens-
ing the rotational speed of the alternator 2 and mode
switch means 42. The mode switch means 42 are to
switch the state of power generation of the alternator 2
between a normal mode and a charge supression mode.
In the normal mode, the battery 5 is charged normally
at the normal time, whereas in the charge supression
mode, the charging to the battery 5 is controlled during
acceleration during low speeds. The controller 4 also
comprises control voltage setting means 43 for setting
the control voltage or the upper limit value of the supply
voltage to the battery 5. Moreover, the controller 4 com-
prises switch means 44 for carrying out PWM control by
interrupting the exciting current according to the result
of comparison between the control voltage and the bat-
tery voltage.

[0061] The relationship between the rotational speed
of the alternator 2 and the drive torque (load torque) of
the alternator is shown in Fig.2.

[0062] At the steady state point Al for the rotational
speed for idle operation, the control voltage, that is, the
upper limit value of the supply voltage to the battery 5
is set to 14.5v, with the output voltage of the alternator
2 generally being equal to 14.5V. At this time, the alter-
nator 2 is running in the normal mode.

[0063] Connection of an electrical load would cause
the alternator output to increase and thereby the drive
torque (load torque) of the alternator to increase, thus
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causing the working point to be shifted from the stable
point A1 to the stable point A2.

[0064] However, the rotational speed of the engine
would decrease due to a sudden increase in load, caus-
ing the working point to be shifted from A1 through B
and C2 to D as described above. Although the control
voltage '(steady state control voltage) has been set to
14.5V during the period from C2 to D, the alternator 2
cannot generate the output in response to the load, thus
causing the output voltage to gradually decrease. That
is, this will cause the voltage applied to the battery 5 to
gradually decrease, meanwhile the charge polarization
of the battery 5 is diminished and discharge is contin-
ued.

[0065] Meanwhile, feedback control is being carried
out to increase the rotational speed of the engine, there-
by allowing the rotational speed of the engine to start
increasing from the minimum point D.

[0066] At this time, the controller of the alternator 2
senses the increase in rotational speed based on the P
terminal waveform to set the control voltage to the ac-
celeration control voltage higher than the battery voltage
by the predetermined voltage difference AV1. This is
done within the voltage range lower than the voltage at
the normal time (14.5V), that is, what is called in the
present invention the steady state control voltage, and
is higher than the battery voltage (12.5V) with the termi-
nals of the battery 5 being made open.

[0067] However, a circuit system for generating the al-
ternator output according to the acceleration control
voltage after having sensed the battery voltage is pro-
vided with a delay system to prevent control from being
performed at higher speeds. Thus, control responses
are delayed to some extent. The delay in control can be
produced by means of a delay circuit system for delay-
ing the acceleration control voltage or alternatively by
means of some other circuit impedance. Here, the ac-
celeration control voltage is delayed at the pre-stage of
the comparator which compares the control voltage or
the acceleration control voltage with the battery voltage
to adjust the duty ratio of the exciting current to the field
coil.

[0068] The control will return to the original state after
the battery voltage has reached the original steady state
target value of 14.5V.

[0069] Thatis, the control voltage is set to a level high-
er by the predetermined voltage difference AV1 than the
battery voltage during acceleration during low speeds
according to this embodiment. As described above, the
charging is thereby controlled to allow the battery to be
charged more slowly and the rotational speed of the en-
gine to be increased more gradually. Thus, it becomes
possible to realize a smoother change in drive torque
(load torque) of the alternator viewed from the engine.
[0070] In contrast, with the conventional control
(where the control voltage is equal to the constant
steady state control voltage of 14.5V), the upper limit
output voltage of the alternator 2 is 14.5V. Even at the
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working point E, the output voltage does not reach the
upper limit because the battery has not been completely
charged, and therefore the alternator 2 will continue full
generation of power until the output voltage reaches
14.5V, thus allowing the working point to reach point F.
That is, this control can be carried out to make the in-
crease in drive torque of the alternator smaller by At.
[0071] The change in rotational speed of the engine
and in drive torque of the alternator, after the electrical
loads have been connected, and the change in battery
voltage and in control voltage, shown in Fig.2, are
shown in the timing chart of Fig.3.

[0072] As an example of the controller 4, a circuit for
forming the control voltage by processing by a micro-
computer is shown in Fig.4.

[0073] Reference numeral 100 designates a motor
vehicle alternator comprising a three phase armature
coil 101, a three phase full wave rectifier 102, and a field
coil 103. Reference numeral 104 designates a switching
transistor for interrupting the exciting current, 105 des-
ignates a flywheel diode, and 106 designates a compa-
rator for controlling the switching transistor 104. Refer-
ence numeral 107 designates a resistance potential di-
vider circuit for dividing the battery voltage to input a di-
vided voltage to the negative input terminal of the com-
parator 106. Reference numeral 108 designates a f/v
converter for converting the frequency (operatively as-
sociated with the rotational speed of the engine) of the
single phase voltage input from the three phase arma-
ture coil 101 to an analog voltage representative of the
rotational speed of the engine. Reference numeral 109
designates an A/D converter for converting the afore-
mentioned analog voltage output from the f/V converter
108 to a digital signal. Reference numeral 110 desig-
nates an A/D converter for converting the battery volt-
age to a digital signal. Reference numeral 111 desig-
nates a microcomputer for forming the control voltage
according to the rotational speed of the engine and the
battery voltage to be input. Reference numeral 112 des-
ignates a D/A converter for converting an output from
the microcomputer to an analog voltage to input the volt-
age to the positive input terminal of the comparator.
[0074] Fig. 5 shows a flow chart in which the micro-
computer 111 forms the control voltage. First, in step
1000, it is checked if the rotational speed of the engine
is equal to the predetermined value (equal to or slightly
less than the rotational speed for idle operation). If the
rotational speed is less than the predetermined value,
step 1002 determines if the rate of increase in rotational
speed of the engine is equal to or greater than the pre-
determined value. If the rate of increase in rotational
speed of the engine is equal to or greater than the pre-
determined value, it is determined that the process is in
acceleration during low speeds. Then, in step 1004, the
predetermined voltage difference AV1 is added to the
battery voltage to form the control voltage. Then, in step
10086, it is checked if the battery voltage V has been re-
covered to the steady state control voltage (14.5V). If
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the battery voltage v has not recovered yet, the process
will wait for a predetermined delay timeAT1 (step 1008)
and then a control voltage Vref is output at step 1010. If
the battery voltage v has already recovered, then the
process proceeds to 1012. If the conditions are not sat-
isfied in steps 1000 and 1002, then the control voltage
Vref is set to 14.5V or the steady state control voltage
(step 1012) and then the process proceeds to 1010.
[0075] In step 1000, instead of determining if the ro-
tational speed of the engine N is less than the predeter-
mined value, but if the battery voltage V is less than the
predetermined value. In addition, in step 1002, instead
of determining whether the rate of increase in rotational
speed of the engine is equal to or greater than the pre-
determined value, if the rate of increase in battery volt-
age v is equal to or greater than the predetermined value
can be determined.

(Embodiment 2)

[0076] Now, another embodiment of the motor vehicle
alternator according to the present invention is ex-
plained below with reference to the flow chart shown in
Fig.6 Also, this flow chart is executed if "N" has been
given in step 1002 in Fig.5.

[0077] First, it is checked if the rate of decrease in ro-
tational speed of the engine is equal to or greater than
the predetermined value in step 2002. If yes, it is deter-
mined that the process is within during deceleration dur-
ing low speeds, and then the predetermined voltage dif-
ference AV2 is subtracted from the battery voltage to
form the control voltage vref in step 2004. Then, it is
determined if the battery voltage V has been reduced to
the minimum voltage Vmin (12.5V) of the battery voltage
(2006). If yes, the control voltage Vref is fixed to 12.5V
(2007). If no, the process will wait for the predetermined
delay time AT2, step 2008, and then proceed to step
1010.

[0078] If the conditions are not satisfied in steps 1000
and 1002, then the control voltage Vref is set to 14.5v
or the steady state control voltage (2012) and then the
process proceeds to step 1010.

[0079] In step 2000, instead of determining if the ro-
tational speed of the engine N is less than N1, it can be
determined if the battery voltage V is less than the pre-
determined value. In addition, in step 2002, it may be
determined if the rate of decrease in battery voltage v is
equal to or greater than the predetermined value.

Embodiment 3.

[0080] Referring to Fig.7, a flow chart is shown that is
executed immediately after the step 1002 of Fig.5 for
the third embodiment.

[0081] First, itis checked if the rotational speed of the
engine N is equal to the predetermined value N2 in step
3000. The value N2 is less than the rotational speed for
idle operation and greater than the minimum rotational
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speed during shift during deceleration during low
speeds to that of acceleration during low speeds. If the
speed N is less than the value N2, then the control volt-
age Vref is fixed to the battery voltage during the afore-
mentioned minimum rotational speed or the minimum
battery voltage, step 2002. If not, the process proceeds
to step 1004.

[0082] Also, in step 3000, it may be determined not if
the rotational speed of the engine N is less than N2 but
if the battery voltage V is less than the predetermined
value.

(other embodiment)

[0083] in Fig.8., when the rotational speed of the en-
gine N of Fig.7 is below N2, the predetermined voltage
difference AV1 can be compressed to approximately
half instead of as provided in step 3002. This allows pro-
hibition or suppression of battery charging at the initial
stage of acceleration during low speeds.

[0084] Referring to Fig.9, a fourth embodiment is pro-
vided. This flow chart is executed between steps 1002
and 1004 of Fig.5.

[0085] In step 4000, the predetermined voltage differ-
ence AV1 is determined according to the battery voltage
based on a built-in map. Also, the built-in map is adapted
to increase the predetermined voltage difference AV1
as the battery voltage increases. This makes it possible
to prohibit or suppress the battery charging at the initial
stage of acceleration during low speeds.

(Embodiment 5)

[0086] referring to Fig.10, a fifth embodiment is de-
scribed. This flow chart is also executed between steps
2002 and 2004 of Fig.6. In step 5000, the predetermined
voltage difference AV2 is determined based on a built-
in map according to the battery voltage. Also, the built-
in map is adapted to increase the predetermined voltage
difference AV2 as the battery voltage decreases. This
makes it possible to prohibit or suppress the battery
charging at the final stage of during deceleration during
low speeds.

(other embodiments)

[0087] In the above explanations, the control voltage
Vref was changed to smooth the drop in rotational speed
of the engine and in battery voltage after the connection
of the electrical loads and a variation in drive torque
(load torque) of the alternator viewed from the engine
during the subsequent recovery period. However, it is
apparent that conversely calculating the amount of con-
trol equal to the aforementioned control voltage Vref on
the signal voltage applied to the negative input terminal
of the comparator 106 would also yield an equivalent
result in terms of circuit.

[0088] In place of the embodiments described above,
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the following configuration can be employed. For exam-
ple, the rotational speed of the engine can be used by
sensing the rotational speed of a rotational member
such as the crankshaft or camshaft of the engine or the
rotational speed of the motor vehicle alternator. In addi-
tion, the rotational speed of the motor vehicle alternator
can be sensed with a sensor for sensing the rotational
speed of the shaft of the alternator or by the speed-de-
pendent ripple components appearing in the alternator
output of the alternator.

(Embodiment 6)

[0089] InFig.11,asixthembodimentis described. Fig.
11 shows an example of software processing of the con-
troller 4 according of the embodiment 1, the function be-
ing implemented by hardware. More specifically, the cir-
cuit is different from that of Fig.1 only in the base input
circuit portion of the transistor 104. This reduce the cost,
reliability, and low noise (a good resistance to EMC) of
controller 4.

[0090] Reference numeral 601 designates a sensor
terminal or a so-called S-terminal for sensing the voltage
of the vehicle battery, and reference numerals 602 to
605 designate resistor elements for dividing the sensed
battery voltage, each resistance value is set to R1, R2,
R3, and R4. The resistor elements 602 to 605 are con-
nected in series to constitute a resistance potential di-
vider circuit for outputting a plurality of voltages. R2 and
R3 are set to resistance values lower than those of R1
and R4.

[0091] Reference numeral 606 designates a capaci-
tor that constitutes a low-pass filter in conjunction with
the resistor elements 602 and 603. The low band com-
ponent of the battery voltage output from the high po-
tential terminal of the capacitor 606 is input into the neg-
ative input terminal of a comparator 616.

[0092] Reference numeral 607 designates an analog
multiplexer circuit for selecting a first divider voltage to
be output from the aforementioned resistance potential
divider circuit ((R2 + R3 + R4)-VB/(R1 + R2 + R3 + R4))
or a second divider voltage (R4-VB/(R1 + R21 + R3 +
R4)). According to the selection signal S input from an
input terminal 610, the analog multiplexer circuit 607 se-
lects and then outputs the first divider voltage as an ac-
celeration control voltage VBH and the second divider
voltage as a deceleration control voltage VBL. That is,
the analog multiplexer circuit 607 selects, as a control
voltage Vreg, the acceleration control voltage VBH
which is higher by a drop in voltage of the resistor ele-
ment 603 than a third divider voltage VBM correspond-
ing to the battery voltage during acceleration. On the
other hand, the analog multiplexer circuit 607 selects,
as a control voltage Vreg, the deceleration control volt-
age VBL which is lower by a drop in voltage of the re-
sistor element 604 than the third divider voltage VBM
corresponding to the battery voltage during decelera-
tion. For example, setting can be carried out so that R1
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=10 K. R4 =20 K., R2=100., and R3 = 20..

[0093] Reference numeral 611 designates a Zener di-
ode for setting an upper limit of the control voltage Vreg
output by the analog multiplexer circuit 607, the upper
limit being set to 14.5V in terms of the battery voltage.
Reference numeral 612 designates a voltage follower
circuit. The current amplified control voltage Vreg is out-
put to the positive input terminal of the comparator 616
through a delay circuit 613. The comparator 616 inter-
rupts the transistor 104 to control the field current flow-
ing through the field coil 103.

[0094] The delay circuit 613 turns off the delay action.
In this embodiment, as shown in Fig.11, the delay circuit
613 comprises a resistor element 6130, an integrating
capacitor 6132, a common emitter transistor 6134, and
a base current limiting resistor 6136.

[0095] A high level potential of the selection signal S
with the common emitter transistor 6134 being turned
on will allow the integrating capacitor 6132 to be
charged or discharged. In addition, the delay circuit 613
delays an input signal by a time interval determined ac-
cording to the CR time constant. The selection signal S
being at a low-level voltage and the transistor 6134 be-
ing turned off will not allow the integrating capacitor
6132 to be charged or discharged. The potential at the
coupling point of the resistor element 6130 and the in-
tegrating capacitor 6132 becomes equal to the output
terminal of the voltage follower circuit 612.

[0096] The delay circuit 613 turns off the delay action
may be configured as shown in Fig.12. That s, the delay
circuit 613 has a CMOS analog switch (transfer gate)
6138 which is connected in parallel to the resistor ele-
ment 6130. Turning on the CMOS analog switch (trans-
fer gate) 6138 of Fig.12 will cause the delay action of
the delay circuit 613 to be turned off. Turning off the
CMOS analog switch (transfer gate) 6138 will cause the
delay circuit 613 to implement the delay action thereof.
[0097] The delay circuit 613 has a CR time constant,
for example, 10 seconds (R5 = 100 K., C1 = 100 puF).
Fig.13 provides an example of the analog multiplexer
circuit 607 that includes npn bipolar transistor circuits.
Naturally, two CMOS analog switches (transfer gates)
6138 shown in Fig.12 can be provided and operated in
a reverse-biased manner to implement the analog mul-
tiplexer circuit 607.

[0098] The analog multiplexer circuit 607 shown in
Fig. 13 comprises substantially two differential amplifier
circuits A, B connected to each other. Transistors T1-T3,
T1' - T3, three collector resistors RC, two emitter resis-
tors RE, and two base current limiting resistors RB are
used, which have similar characteristics to each other
in each of the groups.

[0099] The acceleration control voltage VBH is ap-
plied to the base contact of the transistor T1, whereas
the deceleration control voltage VBL is applied to the
base contact of the transistor T1',

[0100] A high level of the selection signal S will allow
the transistor T3 to turn on and an inverter INV to turn
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off the transistor T3', causing the transistor T2 of the dif-
ferential amplifier circuit A to output a collector voltage
VC as the control voltage Vreg. The collector voltage
VC becomes generally equal to the acceleration control
voltage VBH because drops in forward voltage between
the base and emitter of the transistors T1, T2 are gen-
erally equal to each other.

[0101] A low level of the selection signal S will allow
the transistor T3' to be turned on and the transistor T3
to be turned off, causing the transistor T2' of the differ-
ential amplifier circuit B to output the collector voltage
VC' as the control voltage Vreg. The collector voltage
VC' becomes generally equal to the deceleration control
voltage VBL because drops in forward voltage between
the base and emitter of the transistors T1', T2' are gen-
erally equal to each other.

[0102] Fig. 14 shows an example of a circuit consti-
tuting the switch control circuit 800 shown in Fig.11, us-
ing a signal voltage input from the output terminal of one
phase of the armature coil 101. The switch control circuit
800 generates the selection signal S.

[0103] During normal power generation, a rectangular
wave voltage of duty 50% is input to the P terminal,
causing the rectangular wave voltage to decrease in pe-
riod with increasing rotational speed. The rectangular
wave voltage is divided by means of the resistance po-
tential divider circuit comprising resistor elements 622,
623 to be converted by an F/V converter 625 into analog
voltages having a magnitude proportional to the rota-
tional speed. Then, the analog voltages are differentiat-
ed by means of a differential circuit 626 and then sensed
by a comparator 627. Reference numeral 624 desig-
nates a bypass capacitor 624 for cutting high frequency
noises. The differential circuit 626 is a known circuit
which employs operational amplifiers. However, such a
circuit of a known type may be naturally used which em-
ploys no operational amplifiers.

[0104] Whenrotational speed is decreased, formation
of the selection signal will cause the differential circuit
626 to provide a negative output and the selection signal
S to provide a low level potential. Consequently, a value
of the control voltage Vreg lower than the battery voltage
which is divided by R4/(R1 + R2 + R3 + R4) will be se-
lected, causing the delay circuit to be released.

[0105] On the other hand, when rotational speed is
increased, the differential circuit 626 provides a positive
output and the selection signal S provides a high level
potential. Consequently, the control voltage Vreg will
take on a value proportional to (R2 + R3 + R4)/(R1 + R2
+ R3 + R4), causing the delay circuit to be operated.
[0106] This will obviate the need to use a microcom-
puter circuit, thus making it possible to realize a circuit
having improved resistance to noise.

(other embodiments)

[0107] In Fig.15, a saw tooth wave superposition cir-
cuit 700 is interposed between the output terminal of the
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delay circuit 613 and the positive input terminal of the
comparator 616, in the circuit according to embodiment
6 shown in Fig.11.

[0108] The saw tooth wave superposition circuit 700
superimposes a saw tooth wave voltage (a triangle
wave voltage may also be employed) on the control volt-
age Vreg' output from the delay circuit 613. The saw
tooth wave superposition circuit of this type is already
well known and is not explained by illustration here.
However, it is understood that the saw tooth wave volt-
age is greater in amplitude than the aforementioned
voltages AV1, AV2 (for example, 0.1V) and is sufficiently
smaller in period than the time constant of the field cail
103 (for example, 10msec).

[0109] The effects of the superposition of the saw
tooth wave voltage on the control voltage Vreg' will be
explained below with reference to Figs.16 and 17.
[0110] As can be seen in Fig,16, switching is per-
formed generally at 50% of duty. Thus, the duty can be
prevented from suddenly dropping to zero percent,
causing the generation to come to a standstill, even
when the center value of the control voltage decreases
during deceleration. Thus, itis possible to prevent a sud-
den variation in torque.

[0111] As shown in Fig.17, even during acceleration,
the duty can be prevented from increasing suddenly to
100%. That is, the generation duty can be controlled
within a predetermined range relative to a variation in
center value of the control voltage Vreg', thereby making
it possible to prevent a sudden change in torque.
[0112] Also, in place of the triangle wave voltage or
the saw tooth wave voltage, other alternating voltages
may be superposed on the control voltage.

[0113] While the above-described embodiments refer
to examples of usage of the present invention, it is un-
derstood that the present invention may be applied to
other usage, modifications and variations of the same,
and is not limited to the disclosure provided herein.

Claims

1. A motor vehicle alternator (2) driven by an engine,
comprising:

a field coil (103);

an armature coil (101);

a speed sensor portion for sensing a rotational
speed of said engine according to a quantity of
electricity operatively associated with the rota-
tional speed of said engine;

a rectifier (102) for rectifying an alternating volt-
age generated by said armature coil (101) to
apply an output voltage to a battery and an elec-
trical load; and

a controller (4) that sets a control voltage to a
predetermined steady state control voltage to
control a field current according to a difference
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between said control voltage and a battery volt-
age of said battery to allow said battery voltage
to converge with said control voltage;

wherein said controller (4) sets said control voltage
to an acceleration control voltage that is higher than
said battery voltage by a predetermined voltage dif-
ference, said control voltage being higher than said
battery voltage and less than said steady state con-
trol voltage during acceleration at low speeds when
said rotational speed is equal to or less than a pre-
determined value and a rate of increase of said ro-
tational speed is equal to or greater than a prede-
termined value.

The motor vehicle alternator (2) according to claim
1, wherein:

said controller (4) sets said control voltage to
a deceleration control voltage that is lower than said
battery voltage by a second predetermined voltage
difference, said second predetermined voltage set
after said rotational speed of the engine has de-
creased below a first predetermined rotational
speed value and during deceleration during low
speeds, said deceleration being at a rate of de-
crease of said rotational speed of equal to or greater
than a predetermined value.

The motor vehicle alternator (2) according to claim
1 or 2, wherein:

said controller (4) sets said predetermined
voltage difference to between a voltage of a mini-
mum rotational speed value at a start of said accel-
eration during low speeds and a voltage at said sub-
sequent rotational speed of the engine being equal
to or greater than a second predetermined rotation-
al speed value, to a voltage less than said prede-
termined voltage difference during said subsequent
acceleration during low speeds.

The motor vehicle alternator (2) according to claim
1, wherein:

said controller (4) allows said predetermined
voltage difference to increase at a later stage of said
acceleration during low speeds.

The motor vehicle alternator (2) according to claim
1, wherein:

said controller (4) sets the second predeter-
mined voltage difference smaller than the first pre-
determined voltage difference, said first predeter-
mined voltage difference is set during the first ac-
celeration period when the rotational speed of the
engine increases from a minimum rotational speed
value to a rotational speed being equal to or greater
than a second predetermined rotational value, said
second predetermined voltage difference is set dur-
ing the second acceleration period after said first
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acceleration period.

6. A controller (4) for use in a motor vehicle alternator

(2) comprising:

input means for inputting a quantity of electricity
operatively associated with a rotational speed
of an engine and a battery voltage;

output means for outputting an output signal to
control a field current of a field coil (103);
control means for varying said output signal to
allow said battery voltage to approach a control
voltage;

first setting means for setting said control volt-
age to a predetermined steady state control
voltage; and

second setting means for setting said control
voltage to an acceleration control voltage that
is higher than said battery voltage by a prede-
termined voltage difference, said control volt-
age set higher than said battery voltage and
less than said steady state control voltage dur-
ing acceleration at low speeds where the rota-
tional speed of the engine is equal to or less
than a predetermined value and a rate of in-
crease in said rotational speed is equal to or
greater than a predetermined value.

A method for controlling a motor vehicle alternator
(2), wherein a quantity of electricity operatively as-
sociated with a rotational speed of an engine and a
battery voltage are input, and a field current is con-
trolled to allow said battery voltage to approach a
control voltage, said method comprising the steps
of:

setting said control voltage to a predetermined
steady state control voltage; and

setting said control voltage to an acceleration
control voltage that is higher than said battery
voltage by a predetermined voltage difference,
said control voltage set higher than said battery
voltage and less than said steady state control
voltage during acceleration at low speeds
where the rotational speed of the engine is
equal to or less than a predetermined value and
a rate of increase in said rotational speed is
equal to or greater than a predetermined value.

8. The motor vehicle alternator (2) according to claim

1 or 2, wherein said controller (4) comprises:

aresistance potential divider circuit having mul-
tiple resistor elements connected in series to
form a plurality of divider voltages of said bat-
tery voltage;

a plurality of switches for selecting any one of
said divider voltages as said acceleration con-
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trol voltage or said deceleration control voltage;
and

a switch control circuit for switching each of
said switches according to said rotational
speed of the engine.

The motor vehicle alternator (2) according to claim
8, wherein:

said switch control circuit switches said
switches according to said rotational speed of the
engine sensed according to a voltage of one phase
output from an output terminal of an armature coil
(101).

The motor vehicle alternator (2) according to claim
8 or 9, wherein:

said control means provides a greater time
delay in response to control during said accelera-
tion during low speeds than a time delay in re-
sponse to control during said period of deceleration
during low speeds.

The motor vehicle alternator (2) according to claim
10, wherein:

said control means has a delay circuit for de-
termining a delay time in response to control
during said acceleration during low speeds;
and

said delay circuit is turned off during said de-
celeration during low speeds.

The motor vehicle alternator (2) according to claims
8 and 11, wherein said control means turns on and
off said delay circuit with switching of said switches
according to said switch control circuit.

The motor vehicle alternator (2) according to any
one of claims 1 to 8, wherein

said control means superimposes an alternat-
ing voltage greater in amplitude than said predeter-
mined voltage difference on said acceleration con-
trol voltage or said deceleration control voltage.

The motor vehicle alternator (2) according to claim
13, wherein said alternating voltage has a triangular
waveform or a saw tooth waveform.

A motor vehicle alternator (2) comprising:

a field coil (103);

an armature coil (101);

a speed sensor portion for sensing a rotational
speed of an engine;

a rectifier (102) for rectifying an alternating volt-
age generated by said armature coil (101) to
apply an output voltage to a battery and an elec-
trical load; and
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a controller (4) for setting a control voltage to a
predetermined steady state control voltage to
control a field current according to a difference
between said control voltage and a battery volt-
age of said battery to allow said battery voltage
to converge with said control voltage;

wherein said controller (4) sets said control
voltage to an acceleration control voltage that is
higher than said battery voltage by a predetermined
voltage difference, said control voltage set higher
than said battery voltage and less than said steady
state control voltage during acceleration at low
speeds with said rotational speed being equal to or
less than a predetermined value and a rate of in-
crease in said rotational speed being equal to or
greater than a predetermined value.

The motor vehicle alternator (2) according to claim
15, wherein:

said controller (4) sets said control voltage to
a deceleration control voltage that is lower than said
battery voltage by a second predetermined voltage
difference after said rotational speed of the engine
has decreased below a first predetermined rotation-
al speed value, during deceleration at low speeds
with a rate of decrease of said rotational speed be-
ing equal to or greater than a predetermined value.

The motor vehicle alternator (2) according to claim
15 or 16, wherein

said controller (4) sets the second predeter-
mined voltage difference smaller than the first pre-
determined voltage difference, said first predeter-
mined voltage difference is set during the first ac-
celeration period when the rotational speed of the
engine increases from a minimum rotational speed
value to a rotational speed being equal to or greater
than a second predetermined rotational value, said
second predetermined voltage difference is set dur-
ing the second acceleration period after said first
acceleration period.

The motor vehicle alternator (2) according to claim
15, wherein:

said controller (4) allows said predetermined
voltage difference to increase at a later stage of said
acceleration during low speeds.

The motor vehicle alternator (2) according to claim
15, wherein:

said controller (4) sets said control voltage to
a deceleration control voltage that is less than said
battery voltage by the second predetermined volt-
age difference and allows said predetermined volt-
age difference to increase at a later stage of said
period of deceleration during low speeds, during a
period of deceleration during low speeds with said
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rotational speed, immediately before said rotational
speed of the engine is increased, being equal to or
less than a predetermined value and said rate of
decrease in rotational speed being equal to or
greater than a predetermined value.

A controller (4) for use in a motor vehicle alternator
(2) comprising:

input means for inputting a rotational speed of
an engine and a battery voltage;

output means for outputting an output signal to
control field current of a field coil (103);
control means for varying said output signal to
allow said battery voltage to approach a control
voltage;

first setting means for setting said control volt-
age to a predetermined steady state control
voltage; and

second setting means for setting said control
voltage to an acceleration control voltage that
is higher than said battery voltage by a prede-
termined voltage difference, said control volt-
age set higher than said battery voltage and
less than said steady state control voltage dur-
ing acceleration at low speeds with the rotation-
al speed of the engine being equal to or less
than a predetermined value and a rate of in-
crease in said rotational speed being equal to
or greater than a predetermined value.

A method for controlling a motor vehicle alternator
(2) wherein a rotational speed of an engine and a
battery voltage are input, and field current is con-
trolled to allow said battery voltage to approach a
control voltage, said method comprising the steps
of:

setting said control voltage to a predetermined
steady state control voltage, and

setting said control voltage to an acceleration
control voltage that is higher than said battery
voltage by a predetermined voltage difference,
said control voltage set higher than said battery
voltage and less than said steady state control
voltage during acceleration at low speeds with
the rotational speed of the engine being equal
to orless than a predetermined value and a rate
of increase in said rotational speed being equal
to or greater than a predetermined value.
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